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Abstraet. It was observed that the polyploids of T'rigonella foenum-graecum produced by seed
treatment with 0-29, colchicine died after two cotyledonary stage, while the ones produced by
seedling treatment survived. The root and shoot of seed treated plants were found to be mixo-
ploids. The root tips exhibited 2n to 12n chromosomes and with the passage of time there is
a regular decrease in the frequency of cells with lower chromosomes. The frequency of dividing
cells decreases considerably towards the end of the 6th day due to the highploidy of most of the
cells. Disturbance of nuclear cytoplasm ratio may be responsible for nuclear instability of poly-
ploid plants. In case of seedling treatment the first formed tissue was mixoploid of high level
similar to that of seed treated ones but in some cases the growing tip reverted to low level of
ploidy which lead to more or less normal growth.

Since the difference in the constitution of seed and seedling treated plants lies in their root
system, it has been suggested that probably highploidy of root system in the former may be
responsible for the 1009, mortality of plants.

The inconsistency or instability of chromosome number within an indi-
vidual is no longer considered to be rare. Many workers have reported this
phenomena in the plant kingdom (Heewoop and Houceu 1958, Love 1938).
The chromosome mosacism has been reported in animals like salamanders
(FANkHAUSER 1945). In human tissue many subdiploid cells have been ob-
served (THERMAN and TiMoNEN 1951). The present report is based on the
inconsistency of chromosome number observed on colchicine induced poly-
ploids of T'rigonella foenum-graecum.

The polyploids of Trigonella foenum-graccum were artificially induced by
seed as well as seedling treatment. It was noted that the seed-treated plants
(polyploids produced by seed treatment) did not grow beyond the two co-
tyledon stage and in due course died. Since the shoot-treated plants con-
tinued to live, it was thought that perhaps the cause of the high mortality in
the seed treated plants lies in the polyploid roots. It may be mentioned that
all the seeds after treatment with 0-29, colchicine produced polyploid plants
while this was not the case in shoot-treated ones. A comparative study of
seed and seedling-treated plants was undertaken to investigate the morpho-
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logical and chromosomal changes in the polyploids produced by the two
methods with the ultimate view of finding the causes of the 1009, mortality
in the seed-treated polyploids.

Materials and Methods

The plants used in the present study were grown in an enclosure in the
Lucknow University campus during the years 1961-—63. Seeds as well as
seedlings were subjected to colchicine treatment. The most suitable strength
of aqueous colchicine solution was determined by trials. For seed treatment
seeds were soaked in 0-29 solution of colchicine for 4, 8, 12 and 24 hours
beyond which no germination took place. For each duration of treatment
300 seeds were taken and after washing in distilled water 12 seeds were
sown in each pot along with suitable controls which were kept moist in distilled
water for the same duration. Since the germination happens to be very quick,
the seeds were taken out after every twenty-four hours for six consecutive
days. Root tips were fixed in acetic alcohol (1 : 3). For morphological studies
root as well as shoot were measured daily in order to find the root: shoot
growth ratio. As it was noticed that after the 6th day the cells of the root
tip became flaccid and degeneration began, cytological studies of somatic
chromosomes could not be carried further. However, the morphological study
was continued until the 24th day.

In the second part of the experiment the two-leaf seedlings were treated
at their apical growing points by covering them with cotton wads and keeping
them moist with 0-19,, 0-29, and 0-39%, aqueous colchicine. The duration of
treatment was 6, 12 and 24 hours continuously, coupled with a set which
included treatment of 8 hours daily for 1, 2 and 3 days. This method ulti-
mately resulted in 8, 16 and 24 hours of intermittent treatment. This was
done in order to subject the meristematic cells to colchicine during the period
when somatic division took place. Out of 600 plants thus treated, 99 proved
to be variants with morphologically as well as cytologically changed char-
acters. Most of these died before reaching maturity and a few that survived
showed to have reverted to diploidy or lower level of mixoploidy on cyto-
logical examination.

The root tips for chromosomal study were fixed in acetic alcohol (1 :3)
for 24 hours, then heated in a 1 : 9 mixture of N-HCl and acetocarmine, cooled
and mounted in a drop of acetocarmine. Another method that gave good re-
sult was heating the root tip in N-HCI after fixation in acetic alcohol followed
by washing in distilled water. These were again placed in acetic alcohol for
five minutes, then heated in acetocarmine till steaming. The use of acetic-
alcohol after HCI hydrolysis increases stainability of somatic chromosomes.

Results

For the sake of convenience the morphological and cytological features will
be taken up separately.
Morphological features

In the seed-treated plants development did not proceed beyond the two-
cotyledon stage. The cotyledons were more horizontally placed than in con-
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trols. They were thicker and coarse; the apical dome was broader than in the
controls (Figs. 19, 21) and later on it disintegrated without producing any
leaves. Table 1 brings out the following points clearly. 1. Diameter of root
increased up to the 15th day and then decreased, probably due to disintegrar
tion of cells inside, while that of
control did not show any change.
2. Diameter of hypocotyl decrea-
sed with age in the control as well
as in the treated. 3. Length and
breadth of cotyledons continued
increasing with age although the

Fig. 19. Median longitudinal section of high ploid  Fig. 21. Median longitudinal section of

shoot-apex. Note the large lobed nuclei in control shoot apex showing ac-

static condition. tively dividing cells. Magnifica-
tion: — Figs. 19 and 21 x 150;
fig. 20 x 740.

size of the treated was smaller than that of control. The disintegration
began with root and proceeded upwards. Obviously on the 20th day only the
root showed disintegration, while hypocotyl and cotyledons were not adversely
effected. They died only when the root had completely disintegrated. Since the
seed treated polyploids did not show difference in the size among themselves
with the duration of treatments, the observations have been condensed by
taking the mean. Although references can be cited where polyploidy has re-
sulted in larger cotyledons (KryrHE and WELLENSICK 1942, TaNicawa and
Cuuro 1953), we observed a decrease in length and breadth while there was
a considerable increase in the thickness of the treated cotyledons in com-
parison with the control. In Fig. 1 the comparative growth rate of the seed
treated plants is shown up to the 24th day where disintegration had already
set in the root tip region while in some cases it was prominent in the inter-
mediate region between the root and the hypocotyl. Note the control of same
age which has developed secondary roots, nodules, as well as leaves. After
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15 days the majority of plants which remained alive up to the 24th day showed
development of primary and secondary roots (Fig. 2). On cytological examina-
tion these were found to be the cases of reversion to diploidy, thereby proving
the polyploid nature of the root to be fatal for the survival of the plant.
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Fig. 1. The first and second rows show growth  Fig. 2. Shows reversion from high level mi-

colchicine treated seeds up to 23rd day,

~ while the third row shows various

stages of disintegration of seedlings.
The control (C), which is 23 days old,
clearly shows secondary roots and no-

xoploid roots to diploidy. Mark the
thin diploid roots coming out of mi-
xoploid tissue. The second seedling
from right shows three cotyledons.
Natural size.

dules. !/, natural size.

The newly developed diploid roots (Fig. 2) may have continued to grow
because they appeared quite healthy but the apex of shoot failed to revert
to diploid level or continue growth in its mixoploid condition. So in the ab-
sence of any growth of the shoot the food material could not be synthesized
and the plant ultimately died.

Nodule formation took place only in the roots of controls (Fig. 1), while '
seed-treated roots having mixoploid tissue or even in cases of reversion to
diploidy, nodule formation did not take place.

The shoot and root growth ratio was well marked in control and seed-
treated plants. The data of the growth distribution of root and shoot is re-
presented in Fig. I. by plotting the shoot/root ratio against the days. On the
first day the value was zero, since no shoot development has taken place. On
the 2nd day maximum was reached in 24-hour treatment while the minimum
in the case of 8-hour treatment. On the 3rd day values in all the treated plants
were overlapping. On the 6th day maximum was reached by 12-hour treat-
ment. While in the treated plants growth was more in the shoot region than
In the root, in the control reverse was the case. The root grew at a rate which
was twice that of the shoot. The graph also shows that all the timings of the
treatment have been effective enough to show the effect of the chemical.

The structure of stomata was normal (Fig. 3) in the cotyledons of controls,
while in the seed-treated plants there was only formation of the stomatal
mother cell which in most cases failed to divide to produce two normal guard
cells (Fig. 4). However, in 0-59% of the stomata observed after 4-hour and
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24-hour treatment two guard cells were formed but they lacked the thicken-
ings on the inner side facing the aperture and hence do not function in the
normal fashion. Table 2 gives the comparative incidence of stomatal mother
cells per field and its relative size after the 4, 8, 12 and 24-hour treatments.
It will be noticed that the ma-
ximum number of stomatal moth-
er cells per field was after the
12 hours’ treatment and the mi-
nimum in the 4 hours. Such fi-
gures do not give any correlation
with the duration of treatment
but comparison of the size of the
stomatal mother cell revealed
that the 12-hour treated seeds
had the highest number because
they had the smallest size of
stomatal mother cells. Moreover,
the 4-hour treated seeds had the
minimum numbers per field, as
they had the largest size of sto-
matal mother cells. One of
the interesting differences ob-
served in the anatomy of these
plants was in the development of

SHOOT/ROOT RATIO

NUMBER OF DAYS

Fig. 1. Graphic representation of shoot root ratio

the tracheids in the control and

versus the number of days after treatment.

the seed-treated. In the seed-trea- .—.—c—-.—. Control
ted the first formed tracheids of ®-------- -t ‘égr

the roots had only reticulate or- .—_O———- 13 He.
namentation (Fig.5),while in con- 4 A 24 Hr.

trol spiral and annular tracheids

developed first (Fig. 6), later

accompanied by reticulate tracheids. In the treated plants vascular ele-
ments made their appearance in the root tips on the 3rd, day while in
the control on the sixth day. It has been reported earlier that where elonga-
tion of the plant organ is retarded or inhibited, pitted elements appear close
to the apical meristem (Goopwin 1942, SmiTH and KrRYTHE 1942). There is
also evidence among naturally growing roots that those which elongate much
have a larger proportion of extensible form of xylem cells than roots showing
little elongation (ScHERER 1904). In the seed-treated cotyledons the bulk of
vascular elements was greater than in the control. There was more spongy
parenchyma than in the control which gave extra thickness to the seed treated
cotyledons.

Cytology

The somatic studies of root tips of seed-treated polyploids were carried out
for all the four sets of treatment after every 24 hours. These studies revealed
that all the root tips were mixoploids with varying proportion of cells having
a different number of chromosomes. These cells generally exhibited 2n to 12n
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Comparison of the morphological characters of control and mixoploids

Age of Diameter Diameter Length of | Breadth of
Serial the plant Treated of root of hypo- cotyledon cotyledon
No. or control cotyl 1

days min. mm. mm. mm.
I 6 Treated 1-66 4-0 52 2-4
Control 0-52 1-68 9-6 4-2
I 10 Treated 1-9 3-0 6-5 30
_ Control 0-5 1-5 15-0 6-5
Treated 20 3-0 7-0 34
I 15 Control 05 13 12:3 6-0
Treated 0-7 24 10-6 4-0
v 20 Control 0-5 11 15-5 75

chromosomes in different proportions of the mixoploid condition. The highest
number of countable chromosomes was 14n. Another interesting fact was the
extreme reduction in size that accompanied the increase in chromosome
number (compare Figs. 12 and 18).

The mixoploid condition of root tip cells is clearly seen in Fig. 10. Figure 9
shows a highploid cell. Three groups of 48,48 and 16 chromosomes are seen in
Figure 8. A few cells had double spindles (Figs. 7 and 11). This may indicate
delay in the formation of the cell wall between two newly produced cells in the
preceding cell division. The mixoploid assemblage of cells is shown in fig-
ures 13—17. These show 2n 4 4 = 20 (Fig. 13); 4n 4 2 = 34 (Fig. 14);
6n = 48 (Fig. 15); 8n = 64 (Fig. 16) and 10n = 80 (Fig. 17). Figure 18 shows
a cell with the high chromosome number of approximately 350 distributed
into unequal groups of about 200 and 150 chromosomes. This cell was ex-
ceptionally large.

The percentage of cells with different chromosome numbers as they ap-
peared in the study of six-day samples of roots of treated plants are given

Table 2

Comparative data of the frequency of stomatal mother cell in relation to its size in the 4, 8,
12 and 24 Hr. treated seed plants

Duration of

treatment 4 Hr. 8 Hr. 12 Hr. 24 Hr.
No. of stomatal

mother cells per field 15 16 26 17
Size of stomatal

mother cell 221u 208 u 18:2 195 1
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in Table 3. An examination of this table brings out the following points
clearly. 1. On the first day diploid cells were present in fairly high frequency.
The octaploid cells appear only in 3-3%, of the cells in 4-hour treatment.
2. With the passage of time, the diploid cells went on decreasing at a rapid
rate with almost complete disappea-
rance on the 5th day, while the high
ploid cells continued to increase in an
inverse proportion. 3. The maximum
number of tetraploid cells was obser-
ved on the 3rd day. The cells which had
attained tetraploidy by further action
of the chemical gave rise to octaploid
cells with the result that the tetraploids
also started diminishing, while on the
5th day there was an increase in the
octaploids reaching a maximum on the
sixth day. On the fifth day the tetra-
ploids formed only a minority of the
total number cells of, while the high-
ploids dominated. The 12n number ap-
peared for the first time on the fourth
day. The number of 8n cells increased
continually. It will be noticed that sin-
ce the level of ploidy reached was very
high towards the fitth day, accompa-
nied by a decrease in the frequency of
metaphase plates (Fig. II), it proves
that highploid cells did not undergo
normal division and since division al-
most ceased towards the 6th day, disin-

tegration set in leading to the death
of the tissue.

The colchicine treatment caused con-
tinual multiplication of chromosomes
in T'rigonella, it did not stop at tetrap-
loid level ultimately reaching 12n. Such
highploidy became fatal for the plant.
Further growth of both root and shoot
was possible only if somehow there
was reversion to diploidy or mixoploidy

Fig. 11. A cell with double spindles showing
spindle fibres.
Fig. 12. Somatic chromosomes of control.
Figs. 13—17. Mixoploid cells showing
2n 4 4 = 20 (fig. 13); 4n +
+ 2 =34 (fig. 14 ); 6n = 48
(fig. 15); 8n = 64 (fig. 16);
10n = 80 (fig. 17).
Fig. 18. A cell with two groups of about 200
and 150 chromosomes. Magnifica-
tion: — Figs. 1118 x 740.

of lower level. The hypo and hyperploid cells (Figs. 13, 14) may have arisen
by unequal separation at anaphase forming two cells in which one gains at
the expense of the other.

The shoot tips and leaf tips were also squashed to determine their chromo-
somal constitution. The tissue of both these organs was mixoploid like root
tips and here also the degree of ploidy reached such a high level that it ob-
viously upset the physiological balance so much that cells did not survive.
The very marked effect of this mixoploid tissue was seen on the shoot tip
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Table 3

Frequency (%) of the mixoploid cells in the 4, 8, 12 and 24 hrs. treatment on first 6 days
after treatment

DAYS
Level of n. : -
‘ Ist. |  2nd. | 3rd 4th. 5th. 6th.
24 Hr.
2n 52-4 26-6 15
3n 2-8
4n 42. . 734 50-2 16:6
8n 32-8 49-2
10n 12-5 33-2
12n 3
12 Hr.
2n 60 9-6 84 4-6
3n 4-8
4n 40 85-4 745 65-6 32:3 333
8n 16-9 29-6 50-0 66-6
10n 17.6
8 Hr.
2n 40-4 14-7 4-0 14
4n 59-6 82:3 63-0 58.8 23-8 32:2
6n 9-0
Sn 2-9 24.0 35-2 38-0 580
10n 44 23-8 6-4
12n 14-2 3-2
4 Hr.
2n 354 94 40-7 4-7 41
3n 1-3
4n 61-2 83-7 59-2 49-4 39-0 311
6n 1-3
8n 3-3 4-1 37-6 38:0 555
10n 7-0 125 13-3
12n 1-1 6-2

where there was no further growth of the tissue, while in the case of the con-
trols normal growth of shoot took place. For studying the exact condition of
shoot tip, median longitudinal sections of 21 days old seed treated shoot
apices were cut. The apical dome of highploids was broader (Fig. 19) than
the diploid (Fig. 21), which is normally the condition of the apical meristem
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when the apex is in the resting stage. The cells of treated tips had deeply
stained homogeneous nuclei. The cells were hypertrophied and remained
inactive. In a few places, areas of disintegration were observed which resulted
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Fig. II. Accumulation of metaphase plates in the root tips after different treatments on 1-—6 day,
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A 24 Hr,

due to death of highploid cells. In these cells the walls were densely stained,
the cytoplasm was plasmolysed and in some a large number of vacuoles were
present accompanied by a large number of nucleoli, which'is indirect proof
of high ploidy of the cells. In contrast to the seed-treated seedlings in the
controls there was an abundance of karyokinetic activity. However, another
point of great interest was the presence of starch grains (Fig. 20) in the cells
of the hypocotyl just below the apex in the case of seed-treated seedlings,
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whereas none were seen in the control. The starch grains showed characteristic
crosses traversing their body which divided them in twos, threes, fours and
eights, analogous to the arrangement of spores in the sporad.

Fig. 20. Cells of the hypocotyl of highploid showing
starch grains.

Discussion

The present investigation on the chromosome instability in highploid 7'ri-
gonella foenum-graecum supply further evidence for a complex cytological
mechanism characteristic of colchiploids. The highploid 7T'rigonella induced by
colchicine treatment are unstable and exhibit more or less conspicuous chromo-
somal mosacism in their somatic tissue.

With regard to the cause of variation of chromosome numbers, in the present
study it is postulated that the colchicine treatment somehow brings about
a loss of control on the division cycle and the chromosomes continue to divide
but do not separate to form distinct nuclei. This process is repeated until the
number 12n is reached. Such high chromosome number upsets the normal
physiological processes so much that ultimately cell metabolism stopped
functioning and disintegration set in.

The present study has lent weight to the fact that chromosome mosacism
is seen generally in highploids. This may suggest that a highploid condition
has a certain causal relation to mosacism. This is also inferred from the fact
that hitherto chromosome mosacism has been reported quite frequently in
polyploid plants with chromosome numbers ranging from 4n to 8n (BRITTON
and Huri 1959, 1957; BrowN 1951; MENZEL 1952; PARTHSARATHY 1951,
Vaarama 1949a & b; O’'Mara 1942, Love 1938). Disturbance of nuclear cyto-
plasmic relationship may be responsible for nuclear instability in polyploid
plants. On the other hand, nuclear abnormalities caused by various means
of artificial treatment show that disturbance of metabolic process is highly
responsible for such phenomena. The latter, however, may arise from most
varied causes, including gene actions, actions of certain metabolic produects,
the influence of various external factors etc. The relationship between meta-
‘bolism and mutations in plants was discussed by D’Amato and HorrmaxN-
-OSTERNHOF (1956) in a comprehensive review. According to Huskins et al.
(1948, 1950) it is plausable that the increase of mosacism with increasing
chromosome number and genome complexity may be due to progressively
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greater derangement of the controlling. physiological processes: NEMEC (1962)
suggested that in mixoploid root tips highly polyploid cells may act as foreign
bodies which can be prevented from growing and differentiating; this may
be the cause of lack of development of shoot and root. tips in seed treated po-
lyploids.

It is interesting to speculate on the factors which inhibit the growth of
the shoot and root with the result that no further development takes place
after the two cotyledon stage. Mixoploid tissue has been observed in shoot
tip as well as root tip. In cases where seedlings were treated with colchicine
the first formed tissue was mostly mixoploid. The leaves that came out were
dark coloured, distorted and thick. Their squash revealed the presence of
mixoploid condition. The range of ploidy appeared to be on the same pattern
as in root tips of the seed treated polyploids on later days. There is no doubt
that some growth did take place after colchicine treatment but most of these
plants ultimately died and those that survived were found on cytological
examination to be diploids or mixoploids of lower level, definitely between
2n and 4n. On the contrary, shoot treatment of Capsicum frutescens resulted
in the production of tetraploids only and no mixoploid tissue was met with
(RacuUvaNSHI & JosHI 1964). This clearly shows that highploidy is also
fatal in shoot-treated polyploids of T'rigonella, but in this case there are more
chances of reversion to diploids or lowploid condition, while in the case of
seed treated polyploids the shoot never showed any growth beyond the two
cotyledon stage and ultimately died. One of the differences in the two cases
was in the root system; the roots of seed treated seedling were mixoploids
while those of seedling treated were normal diploids and quite healthy, per-
forming all their functions. The mixoploid roots on the other hand grow only
for a few days. In these roots the ploidy of newly formed cells continued to
increase, ultimately reaching the 12n level and this happens to be fatal. There
is no production of secondary root system, so in this case the root system
obviously cannot supply nutrition to the shoot. Disintegration begins from
the root tip and ultimately the hypocotyl and cotyledons also perish.

In the seed-treated plants where the root has reverted to diploidy without
further growth of the shoot, the explanation may be that cells at the apex
have attained maturity and are not in an active state of growth permitting
division and production of the shoot. The highploidy may be responsible for
this. The cells do not remain in an active state of growth throughout their
life but there is a certain critical period, during which if proper growth condi-
tions are met with they divide and build up the plant body. Since in treated
seeds no further growth is met with, it is reasonable to postulate that the
cells passed the period of active growth while the root was not efficient enough
to meet the necessities of plant life and hence no further development of
plant took place beyond the two cotyledon stage.

Further evidence for the postulations put forward is provided by the ex-
amination of vertical sections of the shoot apex; in both the control and the
seed treated plants (Figs. 21, 19). In the treated plants, the apical dome is
broader than the diploid which is normally the condition of the apical
meristem when the apex is in the resting stage. In the controls the apex has
actively dividing cells giving rise to the primordia of the shoot, whereas in
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the case of the seed-treated plants the cells of the apical zone are larger’in
size with larger nuclei in a static condition. None of the cells show any sign
of mitotic activity. On the other hand, they resemble the cells of the mature
tissue which has stopped undergoing division in the control plants.

A detailed account of the cytological behaviour of the mixoploids produced
by seedling treatment along with their progeny will be published later.
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S. 8. RagHUVANSHI & SHEILA JosHI, Cytogenetickéd laboratoi Botanického ustavu university
v Lucknow, Lucknow, Indie: Jadernd nestilost a chromozomdlni meozaikovitest u polyploida
Trigonella foenum-graecum. — Biol. Plant. 7 : 199—211, 1965.

Bylo zjidténo, %e polyploidy T'rigonella foenum-graceum (Piskavice fecké seno), indukované
piisobenim 0,2 9, colchicinu na semena, hynou ve stadiu déloZnich listkii, zatimco polyploidy,
indukované pusobenim na semenaéky, pieZivaji. Kofeny a nadzemni &ésti rostlin, u kterych
bylo pasobeno na semena, jsou mixoploidni. Buiiky kofenovych 3pi¢ek maji 2n a% 12n chro-
mozémt a béhem doby dochdzi k pravidelnému sniZeni poétu bunék s nizkym poétem chro-
mozdému. Potet délicich se bunék se znaéné sniZuje ke konci 6. dne, coZ je zpisobeno vysokym
stupném ploidie v&tSiny bunék. Porueni poméru jadra a cytoplazmy miuZe zpusobit jadernou
nestélost polyploidnich rostlin. P#i ptsobeni na kliéni rostliny prvni vytvofené tkdné byly
mixoploidni, ale v nékterych pfipadech dochézi v réstovém vrcholu ke sniZeni stupné ploidie,
ktery vede k vice nebo méng normélnimu rastu. Polyploidy, indukované plisobenim na semena
a na semenacky, se lifi v kofenovém systému. Proto se predpoklad4, Ze vysoka ploidie v kofe-
nech podmituje 1009, letalitu polyploidd, indukovanych pusobenim kolchicinu na semena.

C. C. Parysanmm, Ieuna Moumn, JlaGopatopnst uurorenetury, Boranuueckuit wneturyr,
JlyxHoBekui ynusepcurer, Jlywnoy, Wnpua: flxepHas HecTaOWILHOCTL M XPOMOCOMHBIIA
Mo3anuusMm y noauwiounos Trigonella foeniom-graecum. — Biol. Plant. 7:199—211, 1965.

Yceraunosiieno, 49ro noaummaonasl Trigonella foenum-graecum, MHIyDUPOBAaHHBIC BO3Mel-
cremeM (0,29, KOJIXUIWHA Ha CeMeHa, I'MOHYT B CTaJMH CeMSIOBHLIX JHCTHEB, MEMKILY TCM
K4aK TONUINIONIH, HHAYIMPOBAHHEIE BO3JedcTBUEM Ha CefHLE!, NepeskuBaior. Hopuu w nag-
3eMHELIC 4acTH pacTeHui, y KOTOPHX o0padaTHIBalNCch ceMena, MUKCOMWTOMIHHL. Hietkm
KODHEBHIX BCPXYIIeK HMeOT 2 n—12 n XpOMOCOM H ¢ TedeHHeM BPEMEHH 3aKOHOMEPHO
CHIKAETCA YHCJIO KJIETOK ¢ HU3KHM YHCJIOM XpoMocoM. UHeao gerasmuxces WICTOK 3Haqm-
TCJABHO CHIKAETCA K KOHUY 6-I0 HA, 9T0 BLI3BAHO BLICOKOH CTeNeHbBI0 NOJMILIONINH G0iIb-
IMUHCTBA KileTOK. HapyiueHne AepHO-IUTONIA3MATHYCCKOTO OTHOIICHMS MOKeT BHI3BATH
ANCPEYI0 HectaOHIBHOCTD TIOMUIIONAHEIX pacTeHmd. ITpm obpaGoTke npopacraomux pa-
CTCHUM 1epBrie o0pasyiomuecs THAHH OHVIN MHKCOIIOWMIHLIC, HO B HEKOTOPHX CIIydasaX
MPOMCXOANT B BEPXYIUKAX POCTA CHIGKEHUC CTEeHNEHN IOJMIUIONMNN, NPHBOAANlee K Oonee
WM MeHee HopMaJbHOMY pocry. Ilommmmouamsl, mugynmpoBanubie oGpaboTkoil cemau
cefIHIEeB, OTVIMYAIOTCS KOPHeBOU cucremoii. ToaroMy npefnosaraercs, 910 BHICOKAA TWIOMA-
HOCTB B KOpHAX obyciasmusaer 1009, JetaslbHOCTR NOJMILIONAOB, HHIYIMPOBAHHLIX AeH-
CTBHEM KOJIXHIJHHA HA CEOMCHA.
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Figs. 3, 4. The peelings of lower epidermis of cotyledon of control and treated plants showing
stomata and stomatal mother cells. Note also the difference in outline of epidermal
cells.

Fig. 5. Reticulate ornamentation on the first formed tracheids of mixoploids.

Fig. 6. First formed spiral and annular tracheids in control. Magnification: — Figs. 3— 6 x 1500
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Fig. 7. A cell from the mixoploid root tip showing double spindles.

Fig. 8. Three groups of 48, 48 and 16 chromosomes in a single cell.

Fig. 9. A high ploid cell. Magnification: — Figs. 7—9 x 1080,

Fig. 10. Mixoploid condition of root tip. Magnification: -— Fig. 10 x 300.



